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Abstract: An experiment was carried out to investigate the anti-ammonium shock load capacity 
of a biological aerated filter (BAF) composed of a double-layer bed. This bed was made up of a 
top layer of ceramic and a bottom layer of zeolite. The experiment shows that the anti-ammonium 
shock load process can be divided into two processes: adsorption and release. In the adsorption 
process, the total removal efficiency of ammonia nitrogen by zeolite and ceramic was 94%. In the 
release process, the ammonia nitrogen concentration increased significantly and then gradually 
returned to the normal level four hours after the shock load. The results indicated that the 
double-layer BAF had a high level of adaptability to the short-term ammonium shock load and 
long-term operation. The main factors influencing the dynamic process of ammonia nitrogen 
adsorption were the filter bed height, ammonia nitrogen concentration of influent, and flow rate. 
The bed depth service time (BDST) model was used to predict the relationship between the filter 
bed height and breakthrough time at different flow rates, and the results are reliable.     
Key words: biological aerated filter (BAF); zeolite; ceramic; ammonia nitrogen; shock load; 
dynamic adsorption     
 
1 Introduction 
Biological aerated filters (BAFs) have been widely used because of their high 
performance, small footprint, easy management system, and high loading capability (Ma and 
Qiu 2002; Halle et al. 2009; Huang et al. 2011). Media used in BAFs play a significant role in 
wastewater treatment. The characteristics of these media not only are related to the initial 
investment, process design, and operation mode of BAFs, but also affect the daily running cost 
(Zhang et al. 2002; Han et al. 2009; Qiu et al. 2010). Zeolite has high porosity and a large 
specific surface area, and its strong ability to adsorb ammonia nitrogen ( 4NH -N
+ ) can lead to a 
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reduction in the impact of the ammonium shock load on water quality (Tsuno et al. 1994; Lahav 
and Green 1998; Rozic et al. 2000; He et al. 2007). In addition, saturated zeolite can be reused 
for adsorption (Xu and Zhou 2003; Liu et al. 2005; Tian et al. 2002a). The removal efficiency 
of ammonia nitrogen affected by hydraulic loading is relatively low in a zeolite biological 
aerated filter at low temperatures (Tian et al. 2002b; Tao et al. 2005). Ceramic has the 
advantages of excellent properties of biofilm formation, low-temperature resistance, and high 
efficiency (Jiang and Hu 2002; Sang and Wang 2003). The combination of zeolite and ceramic 
has an advantage over either of the two media alone in the remediation of ammonium 
contaminants. 
This paper describes the application of a BAF using zeolite and ceramic as media in 
wastewater treatment. Wastewater prepared by dilution of domestic sewage was fed into the 
upflow BAF. The performance of the BAF with zeolite and ceramic media under the 
conditions of normal and shock ammonium loads was observed. The aim of this study was to 
examine the ammonia nitrogen variation before and after the shock load in the reactor and to 
provide a reference for practical applications of double-layer BAFs.  
2 Materials and methods 
2.1 Wastewater characteristics 
The test water was prepared by dilution of domestic sewage, to the point that it reached 
the water quality requirements for tail water from sewage treatment plants (secondary effluent). 
The characteristics of wastewater during the experimental period were as follows: the 
ammonia nitrogen concentration was 8.32 mg/L, the nitrate nitrogen ( 3NO -N
− ) concentration 
was 0.33 mg/L, and the nitrite nitrogen ( 2NO -N
− ) concentration was 0.32 mg/L. 
2.2 Experimental setup 
The experimental BAF was made of acrylic. The filter had a diameter of 0.12 m and a 
height of 2 m. The schematic diagram of the reactor is shown in Fig. 1. The reactor had an 
upflow configuration, and the pipes used for the influent and backwash water as well as air 
distribution were set at the bottom.  
 
Fig. 1 Schematic diagram of BAF experimental system 
1ʊWater outlet            8ʊAir inlet 
2ʊCeramic layer           9ʊLiquid flow meter  
3ʊZeolite layer            10ʊAir flow meter 
4ʊSupporting layer         11ʊSewage pump 
5ʊWater distribution system  12ʊAir diffuser 
6ʊAir distribution system    13ʊWastewater tank 
7ʊWater inlet 
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2.3 Anti-ammonium shock load test 
During the anti-ammonium shock load test, zeolite and ceramic were the media of the 
double-layer filter: the 0.7 m-high bottom layer was made of zeolite with a particle size 
ranging from 5 to 10 mm, and the 0.7 m-high top layer was made of ceramic with a particle 
size ranging from 3 to 5 mm. Along the totally 1.4 m-high filter layer, nine sampling points 
were set, from #0 at the bottom to #8 at the top, and the interval between adjacent sampling 
points was 0.175 m. Meanwhile, the water at the #0 and #8 sampling points was considered 
influent and effluent water, respectively. At the bottom of the reactor, a 0.1 m-high gravel layer 
with a particle size ranging from 2 to 3 cm was laid to support the filter media. In the upflow 
BAF, the air was introduced into the reactor with a micro-bubble air diffuser and the air flow 
rate was controlled with an air flow meter.  
The anti-ammonium shock load test ran a week under the following conditions: the 
influent hydraulic loading was 0.7 m/h, the volume ratio of gas to water was 3:1, the chemical 
oxygen demand (COD) concentration was 27.97 mg/L, and the ammonia nitrogen 
concentration was 8.32 mg/L. The ammonium shock load was set at 50 mg/L, considering that 
the normal ammonia nitrogen concentration of sewage treatment plants was approximately  
50 mg/L. The ammonium shock load persisted for 1.5 hours per day. The concentrations of 
ammonia nitrogen, nitrate nitrogen, and nitrite nitrogen under the normal condition and during 
the four hours after the ammonium shock load were measured, and the average values over 
one week were analyzed. The ammonia nitrogen, nitrate nitrogen, and nitrite nitrogen 
concentrations were analyzed using standard methods (SEPAC 2002). 
2.4 Fitting model for dynamic adsorption test 
During the dynamic adsorption test, a certain amount of zeolite was laid in the adsorption 
column, whose diameter was 8 cm and whose height was 30 cm. Ammonia nitrogen 
wastewater with a concentration of 60 mg/L was provided through the zeolite bed at a flow 
rate of 0.7 m/h, and the effluent ammonia nitrogen concentration was measured.   
The dynamic adsorption process of ammonia nitrogen was predicted using the bed depth 
service time (BDST) model (Bohart and Adams 1920; Hutchins 1973; Raúl et al. 2009). The 
equations used in the BDST model are  
                               t aZ b= −                              (1) 
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where 0C  is the influent concentration (mg/L), tC  is the effluent concentration at time t 
(mg/L), 0N  is the adsorbed amount calculated using the fitting model (mg/L), ak  is the rate 
constant (L/(min·mg)), Z is the height of the filter layer (cm), F is the water flow velocity 
(cm/min), and t is the run time of the system (min). 
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3 Results and discussion 
3.1 Analysis of anti-ammonium shock load test process  
The anti-ammonium shock load test can be divided into two processes: adsorption and 
release. The reaction equilibrium equation is 
     4 4NH BZ NH Z B
+ ++ ↔ +                                     (3) 
where BZ is the processed zeolite and ceramic, and B is the exchangeable cation in the zeolite. 
When the ammonium concentration in the liquid phase was higher than that in the zeolite, 
the ion exchange equilibrium tended to be rightward so that ammonium was removed through 
ion exchange. This process is called adsorption. When the ammonium concentration in the 
liquid phase was lower than that in the zeolite, the ammonium that was stored in the organisms 
was released into the liquid phase, and the adsorption capacity of zeolite was regenerated at 
the same time. This process is called the release process. Table 1 shows the influent and 
effluent ammonia nitrogen concentrations under the normal and shock load conditions and 
during the four hours after the ammonium shock load. Under the normal load condition, the 
influent ammonia nitrogen concentration was 8.32 mg/L, the effluent ammonia nitrogen 
concentration was 3.05 mg/L, and the ammonia nitrogen removal efficiency was 63%. The 
effluent ammonia nitrogen concentration remained at about 3 mg/L four hours after the shock 
load, so the zeolite and ceramic BAF was efficient in wastewater treatment and had a 
relatively strong capability to resist the shock load. 
Table 1 Influent and effluent 4NH -N
+  concentrations under different conditions 
Condition 
Influent  
concentration 
(mg/L) 
Effluent 
concentration 
(mg/L) 
Condition 
Influent 
concentration 
(mg/L) 
Effluent 
concentration 
(mg/L) 
Normal load  8.32 3.05 2 h after shock load 7.54 3.31 
Shock load 58.49 3.57 3 h after shock load 7.28 3.11 
1 h after shock load  8.34 3.51 4 h after shock load 7.43 3.02 
 
3.1.1 Adsorption process during anti-ammonium shock load test 
The variation tendency of the ammonia nitrogen concentration under the normal and 
shock load conditions in the filter is shown in Fig. 2. Under the normal load condition, the 
ammonia nitrogen removal rate was 63%, and the ammonia nitrogen removal mainly occurred 
in the filter segment with a height ranging from 35 to 105 cm (the bottom of the zeolite layer 
was set to 0 cm), accounting for 74% of the total removal. Under the shock load condition, the 
influent ammonia nitrogen concentration was 58.49 mg/L and the effluent was 3.57 mg/L, so 
the total removal rate was 94%, and the removal mainly occurred in the zeolite segment with a 
height from 0 to 35 cm, accounting for 84% of the total.  
The amount of ammonium adsorbed by the zeolite and ceramic layers under the shock 
load condition was calculated with the equation below: 
Z T mW W W= −                             (4) 
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where ZW  is the ammonium adsorption capacity of the zeolite layer (mg), TW  is the total 
amount of removed ammonia nitrogen (mg), and mW  is the amount of ammonia nitrogen 
removed due to biological function (mg). 
 
Fig. 2 Removal performance of 4NH -N
+ , 3NO -N
− , and 2NO -N
−  under different load conditions 
The amount of removal of ammonium due to the action of microorganisms can be 
characterized by the average amount of ammonia nitrogen removed by the action of 
microorganisms during the total run process. The amount of ammonia nitrogen removal at each 
sampling point is shown in Fig. 2(a). It was calculated that TW = 532.82 mg, mW = 20.51 mg, 
and ZW = 512.31 mg, and the adsorption amount accounted for 96.15% of the total. The result 
revealed that the short-time ammonium shock load did not lead to a large population of 
nitrifying bacteria, and ammonia nitrogen was removed mainly by adsorption exchange of zeolite. 
Fig. 2(b) shows that the concentrations of nitrate nitrogen and nitrite nitrogen changed 
similarly under the shock load and normal load conditions. Under the shock load condition, 
the increasing values of the nitrate nitrogen and nitrite nitrogen concentrations were 0.65 mg/L 
and 0.66 mg/L, respectively, in the 0 to 35 cm-high (#2) filter layer when the ammonia 
nitrogen removal concentration was 46.21 mg/L. 
Under the normal ammonium load condition, the nitrate nitrogen and nitrite nitrogen 
concentrations increased slowly in the 0 to 35 cm-high filter layer and increased rapidly in the 
filter layer above a height of 35 cm, the nitrite nitrogen concentration peaked at a height of 
87.5 cm (#5), and then decreased gradually, and the nitrate nitrogen concentration continued to 
increase. Compared with concentrations under the normal load condition, the nitrite nitrogen 
concentration was higher at the sampling points along the filter layer under the shock load 
condition, due to the increase of ammonia nitrogen concentration. The nitrate nitrogen 
concentration increased slightly because of the increase of the nitrite concentration.  
The variation of the nitrifying capacity along the filter (Fig. 3) showed that nitrifying 
bacteria were active in the system. In the 0 to 35 cm-high filter layer, the organic load was 
higher, and the heterotrophic bacteria were the dominant strain. The activity of the autotrophic 
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nitrobacteria was inhibited, so nitrification contributed little in the total removal of ammonia 
nitrogen and the nitrate nitrogen and nitrite nitrogen concentrations increased slowly. In the 35 
to 140-cm filter layers, with the decrease of the organic load of the system, the number of 
heterotrophic bacteria decreased and nitrification increased, so the nitrate and nitrite nitrogen 
concentrations increased rapidly. In the 87.5 (#5) to 140 cm-high filter layer, the nitrite 
nitrogen concentration decreased with the ongoing nitrification. 
 
Fig. 3 Nitrifying capacity at each sampling point under normal load condition 
3.1.2 Release process during anti-ammonium shock load test 
After the shock load, the ammonia nitrogen concentration decreased (Fig. 4), and the ion 
exchange in Eq. (3) processed toward the left. The ammonia nitrogen adsorbed by zeolite was  
 
Fig. 4 Variation of 4NH -N
+ , 3NO -N
− , and 2NO -N
−  concentrations under different load conditions 
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released into the liquid phase, so the ammonia nitrogen concentration in the filter was higher 
than that in the influent. The operation scheme of the filter was upward flow, so the zeolite at 
the bottom was exposed to the ammonium shock load for the longest time and adsorbed the 
largest amount of ammonia nitrogen. With the increase of time the peak of ammonia nitrogen 
had an upward trend, and gradually decreased. Four hours after the shock load, the ammonia 
nitrogen concentration almost returned to the normal level. The ammonia nitrogen released 
into the liquid phase was removed by nitrification, and the zeolite was recycled. 
Figs. 4(b) and 4(c) respectively show the variations of the nitrate nitrogen and nitrite 
nitrogen concentrations along the filter with different ammonium loads. With the decrease of 
the ammonia nitrogen concentration, the nitrate nitrogen concentrations increased over time, 
and the nitrite nitrogen concentration peaked at #5, then decreased gradually, and eventually 
returned to the level similar to that under the normal load conditions. 
3.2 Simulation of ammonium dynamic adsorption test 
The dynamic adsorption test results show that nitrogen adsorption was not good if the 
filter bed was not high (Fig. 5). When the filter bed height increased, the hydraulic retention 
time increased and the ammonia nitrogen could be more fully adsorbed, with the result that the 
breakthrough time of ammonia nitrogen increased. Fig. 6 shows the relationship between time 
and filter bed height with 0tC C  values of 0.18, 0.25, and 0.55. The results show that the 
values of all the correlation coefficients (R) of the fitting curves are more than 0.9, indicating 
that the BDST model is applicable to the adsorption system. The kinetic parameters of the 
BDST model were obtained from the slope a and intercept b of the fitting curves, and the 
results are shown in Table 2.  
     
Fig. 5 Effect of different filter bed heights on         Fig. 6 Relationship between time and filter bed height 
  breakthrough curves                                with different 0tC C  values 
Table 2 Calculated constants of BDST model 
0tC C  a (min/cm) b (min) ak (L/(min·mg)×10
3) 0N (mg/L) R 
0.18  2.00   7.62 3.402   136.472 3 0.924 5 
0.25  6.64  21.67 1.196   453.088 1 0.988 2 
0.55 30.50 106.96 0.242 2 081.203 0 0.996 6 
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Table 2 shows that with the increase of the 0tC C value, the rate constant ak  decreased 
and the adsorbed amount 0N  increased. The effluent quality of the filter under the 
ammonium shock load condition was predicted using the BDST model. According to the 
fitting curves, when 0 0.25tC C = , that is, tC =15 mg/L and t = 6.64Zí21.67, a breakthrough 
time of t = 94.53 min was obtained at Z = 17.5 cm. It was found that when tC =14.73 mg/L 
and Z = 17.5 cm, the measured breakthrough time was t = 98 min. The prediction error is 
small, so the BDST model is applicable to forecasting of the breakthrough time. 
4 Conclusions 
(1) The anti-ammonium shock load capacity of a zeolite-ceramic BAF was studied. It was 
found that the anti-ammonium shock load test process can be divided into two processes: 
adsorption and release. The adsorption occurred when the ammonia nitrogen concentration in 
the liquid phase was higher than that in the zeolite and ceramic. When the influent ammonia 
nitrogen concentration in the experiment was 58.49 mg/L, the total removal rate was 94%, 
which mainly occurred in the 0 to 35-cm zeolite segment, accounting for 84% of the total. In 
the release process, the ammonia nitrogen concentration increased first and then decreased 
along the filter. Along with time, the peak of the ammonia nitrogen concentration moved from 
the top to the bottom of the filter and gradually decreased. Four hours after the shock load, the 
effluent ammonia nitrogen concentration almost returned to the normal level. 
(2) Under the normal load condition when the influent ammonia nitrogen concentration 
was 8.32 mg/L, the nitrate nitrogen concentration was 0.33 mg/L, and the nitrite nitrogen 
concentration was 0.32 mg/L, the ammonia nitrogen removal rate was 63%, with a removal 
rate of 47% in the 35 to 105 cm-high filter layer, accounting for 74% of the total removal. 
(3) Studies on the anti-ammonium shock load test show that the double-layer BAF using 
zeolite and ceramic as media had a strong anti-ammonium shock load capacity. The effluent 
ammonia nitrogen concentration was always less than 4 mg/L during the anti-ammonium 
shock load test process when the influent ammonia nitrogen concentration was 58.49 mg/L. 
(4) Results of the dynamic adsorption test show that the higher the filter bed is, the more 
favorable it is for the adsorption of ammonia nitrogen. Meanwhile, the BDST model was able 
to reliably predict dynamic adsorption of ammonia nitrogen by zeolite.  
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